In the course of a case study, a number of issues regarding the dynamics of blood cholesterol levels were identified. In this follow-up report, these issues are addressed. For example, issues of past behaviour and seasonality, intraindividual variation, and nonstationarity appear important over and above controllable variables such as diet and exercise. In this report, we conceptualise an alternative protective role for the dynamic blood cholesterol levels in a healthy population. Furthermore, regular consumption of extra virgin olive oil as produced in this case study may interact with the dynamics of cholesterol naturally. We recommend that future studies of this kind ought to include a time series of blood cholesterol based on daily measurements or intervals much shorter than the bimonthly measurements and to include measures of overall well being as covariates.
INTRODUCTION
Currently much of the medical advice and policies on the prevention of heart disease is based on an apparent relationship between cholesterol levels and coronary heart disease (CHD) and, in turn, between unsaturated oils and cholesterol levels [1, 2, 3] . For example, expert reports from WHO (http:// www.who.int/hpr/NPH/docs/gs_chronic_disease.pdf, http://www.who.int/mediacentre/releases/2003/pr20/en/) and the American Medical Association (http://www.ama-assn.org/ama/pub/printcat/11004.html) have recommended the increased consumption of fruit, vegetables, and unsaturated oils. There is some evidence to suggest that unsaturated oils that have retained antioxidant agents may provide a health benefit in terms of a lowered cholesterol level [4] .
On the other hand, a brief review of the recent literature suggests that cholesterol levels may be a dynamic process outcome. For example, studies of blood cholesterol levels suggest a significant seasonal effect [5, 6, 7, 8, 9, 10, 11, 12, 13, 14] , individual specific (intraindividual) effect [9, 10] , stress [15] , physical activity [16] , sunlight or natural bright light, climatic changes [17, 18] , low cholesterol levels, and depression and suicide [19, 20] .
Therefore, to tease out the net effect of the extra virgin olive oil on blood cholesterol levels, a longitudinal trial of a cohort of healthy individuals is necessary. In the absence of such trials, we followed up the case reported earlier [4] to gain some insight into the dynamics of blood cholesterol. The follow-up case study is intended to raise some issues of interest to further stimulate international debate and cooperation.
CASE REPORT: FOLLOW-UP
Briefly, the case is a male individual in his mid-forties, physically active with stable dietary habits, and no history of major health problems or illnesses requiring a blood test for cholesterol levels. One of the issues raised in the case report [4] was that we had no knowledge of the dynamics of blood cholesterol. Having observed the case for some time, it transpired that life events over a period of time may provide natural experimental units. Naturally, it was decided to utilise such a phenomena to our advantage similar to a quasi-experimental design type study. For example, the case went through a phase (as we all may do), where physical activities were reduced to a minimum (walking about 3 km once/twice a week). We asked the case to note when such a change occurred and to make the phase last until the next blood test. In order to make this possible, we chose monthly intervals for the blood tests. The person had no problems with this plan and agreed to be observed further over a short period of time.
Before the observations began, the person took part in an exercise ECG. The exercise was carried out primarily to ensure a healthy heart to minimise the health risks to the case due to the experiment. The results showed no signs of heart problems. For consistency, we arranged all the blood tests through the same laboratory. The laboratory operates a first-come-first-served system and no appointments were necessary. Blood samples were taken in the morning between 9 and 9.30 AM by a qualified nurse at a designated branch of the laboratory and sent off for lipid analysis. Fasting was observed for all blood tests. The results were received by post the following day. Full blood cholesterol levels are reported in Table 1 . The case had also ceased all physical exercise. We deferred the blood test to the end of January to allow the adjustment for the Christmas period. The second follow-up of lipid analysis was carried out on 4 February 2004, which suggested an increase in the blood cholesterol. Since the first follow-up, the total cholesterol had increased from 5.4 to 6.3; LDL and triglyceride had increased whilst HDL had slightly decreased, see Table 1 .
Period 4/2/04 to 9/3/04: During this period, the person was not ready to begin his exercise routine, but the consumption of extra virgin olive oil had returned to its usual levels (about 1 l per 10 days). No other changes were noted during this period. The third follow-up lipid analysis was carried out on 9 March 2004. There was no change in the total cholesterol. It is interesting to note, however, that both LDL and triglyceride had decreased whilst HDL had increased.
Period 9/3/04 to 14/4/04: The person was still not ready to start his exercise routine. For the next 4 weeks until the next blood test, the case agreed to try a natural food item that was produced by combining a variety of natural food ingredients with extra virgin olive oil (such as garlic, fresh herbs, and lemon juice). The plan involved the daily consumption of one spoonful of the oil-based mixture in any way the case preferred, e.g., as a salad dressing, mixed with sandwich fillings, poured over cooked food, or simply taken with bread. No other changes were noted over the next 4 weeks. The fourth follow-up of lipid analysis was carried out 14 April 2004. As can be seen from Table 1 , the total cholesterol had dropped from 6.3 to 5.6 with no change in HDL and triglyceride whilst LDL had decreased.
Period 14/4/04 to 14/5/04: The case decided to get back into his exercise routine. He started with regular jogging three to four times a week averaging about 15 km per week. With the start of the exercise routine, the consumption of the oil-based mixture was substantially reduced and ceased within the first week. No other changes were observed. During this period, we expected a change in the total cholesterol level. Indeed, the results from the monthly test showed that total cholesterol and LDL had increased to 6.5 and 4.5, respectively, with minor changes in HDL and triglyceride. The test had been carried out on the Friday (14/05/04) and the results had become known the following Monday.
Period 14/05/04 to 24/05/04: The 16% increase in total cholesterol prompted us to reintroduce the daily consumption of the remainder of the oil-based mixture back into the case's diet (17/5/05). The mixture was used twice daily and was finished by 21/5/05. We also decided to take another sample soon after the previous test rather than wait until the next test, a common practice in the application of SPC (Statistical Process Control). This test, carried out on 18/5/04, showed further elevation of cholesterol (a 27% increase since the test on 14/5/04).
Given the daily variation in the cholesterol levels, it is not easy for us to isolate the net effect of the oil-based mixture on the cholesterol levels from other factors. However, we were rather interested in the results of the follow-ups 14/05/04 and 18/05/04, as, apart from the introduction of exercise in place of the oil-based mixture, no major changes in the diet had occurred. It is plausible that the dynamics of blood cholesterol and how this relates to the individuals' overall health may explain some of the variation. We considered the seasonal effect (see introduction) as part explanation, however, the seasonal effect did not appear to be present in the baseline (mid-summer) and the first follow-up (mid-winter). So we went back to the case and asked him to recall and describe his overall health for the period of experimentation and the week preceding the test 14/05/04. The case described a depressed episode (of feeling low, feeling the blues), which had started a week earlier (without any identifiable cause) and was over by the 17/05/04. So with the case's consent, another test was carried out the next day (19/5/05). It is interesting to note the decrease in total cholesterol (11%), LDL (10%), and HDL (15%) and no change in triglyceride over night. The case had been consuming the oil-based mixture since 17/05/04. If the regular consumption of the oil-based mixture is maintained, we expect that the cholesterol levels of the case to fluctuate daily over the short period but having a downward trend over a longer period. The next day after the blood test on 19/5/04, the case expressed the onset of another episode of feeling low and could not explain why. We cannot be certain if feeling "the blues" might be the result of a rapid reaction to lowered cholesterol levels. However, the case reported that the short episode was over by Sunday 23/5/04. This was an opportunity we could not ignore; the case agreed to another blood test the following Monday (24/5/04) by which time the case reported feeling his normal self. However, at first we expected a decrease in total cholesterol, but following his comments about feeling his normal self, we predicted elevated cholesterol levels and changed our expectation. Indeed, the results showed increases in total cholesterol (14%), HDL (12%), LDL (16%), and triglyceride (17%).
Period 24/5/04 to 23/6/04: The case further described a year of sustained and long periods of workrelated stress that had negatively affected his mental well being. Furthermore, the case had developed a muscular pain and was advised by his GP to stop physical activities for a month. We decided to stop the experiment. The case decided to continue with a small daily dose of the mixture, which he prepared himself and reported 7 and 14% decrease in the total cholesterol and LDL, respectively, and 10% increase in HDL in a final blood test taken on 23/6/04. He also reported no incidence of "feeling the blues" during this period.
DISCUSSION
It is not possible to disentangle the systematic from random variation without a properly designed study as to how cholesterol levels, coronary heart disease (CHD), suicide and depression, and individual and environmental parameters are inter-related. Nevertheless, nutritional interventions of this sort may be useful. Quite apart from the fact that the ingredients are natural and that there is no processing (cooking/heating or artificial additives) involved, the intervention is cheap and accessible to the wider population. Such interventions could be viewed as a natural cholesterol regulator and more of a preventative measure. Future studies need to include an economic evaluation of the overall long-term benefits of such prevention/intervention and consideration to the dynamics of blood cholesterol.
Some questions relating to the dynamics of blood cholesterol levels arise from this case study; specifically:
• Could, the extra intake of extra virgin olive oil in the period to 09/03/04 be held responsible for capping the cholesterol levels? (Controllable factors) • Do cholesterol levels vary daily? (Time series/temporal dependence) • All variation in blood cholesterol is not accounted for by controllable factors; could individual specific characteristics also explain some of the variation? (Intraindividual variation/heterogeneity) • Do cholesterol levels have a memory? (Past behaviour) • Do cholesterol levels respond to external factors? (Nonstationarity/external changes) These questions cannot be addressed with this case study, however, we may seek guidance from the literature. The literature reports the protective benefits of extra virgin olive oil, which was discussed earlier [4] . Larger studies suggest that there are controllable factors such as diet and exercise, as well as intraindividual and daily variation (e.g., see [9] ) that may be affecting cholesterol levels. On the other hand, some other authors report that changes in blood cholesterol may occur independent of diet and possibly due to external factors such as seasonal and environmental changes [5, 6, 7, 8, 9, 10, 11, 12] . "Stress" has also been reported to be responsible for raised blood cholesterol levels [15] . On the other hand, whilst depression and suicide have been associated with low cholesterol levels [19, 20] , studies of depression and suicide also report a seasonality effect in the outcomes [13, 14, 17, 18 ]. There appears to be a difference of opinion in the peak trough of the seasonal effect between studies. For example, some authors have suggested alternative seasons for the peak trough; e.g., the end of spring as the peak for suicide [13] , spring and autumn for the highest and lowest concentration of serum cholesterol [5] , spring and summer for the highest and lowest concentration of cholesterol levels [11, 12] , and that seasonal mood variations or seasonal affective disorder (SAD) may not be due to a differential pattern in bright light exposure [21, 22] .
Thus, studies of seasonality in cholesterol levels have concentrated on seasonal parameters such as exposure to light, climatic differences between seasons, and so on. However, some studies suggest that depression is much more common in the population than has been reported [23, 24] . Therefore, it is plausible that in a time series based on daily (as opposed to bimonthly) variation in cholesterol levels, we may observe a "seasonality" effect during a specific period. Given the case's accounts in this case study of his raised cholesterol levels coinciding with the ending of a depressed period, the question that arises is what might be the possible health consequences to the healthy population if cholesterol levels did not respond to stress?
Clearly, the implication for practice cannot be ignored, for example a recent study [10] suggests that some individuals may have been mistakenly diagnosed as having high cholesterol levels, whilst another [5] found no direct relationship between seasonal variation in serum cholesterol and seasonal variation in either the incidence of or mortality due to ischaemic heart disease. It is, therefore, plausible that, at least in part, the variation in cholesterol levels may well be due to an individual-specific latent trait to maintain overall well being. We recommend a major review of the literature on this topic to inform future study designs in addressing the relevant issues.
